The aims of liophilization (freeze-drying) of lactic acid bacteria are to preserve pure cultures or to prepare starters for the dairy industry. In both cases, the choice of the cryoprotectant is very important. In this work, samples of Bifidobacterium breve A71 and Bifidobacterium bifidum BbTD were freeze-dried in a new cryoprotective medium containing lactose, gelatine and glycerol (medium B). The reference medium contained saccharose, gelatine and skim milk (medium A). Before liophilization, the eutectic points of both media were determined, because the products must be cooled to a temperature below its freezing point. The success of the cryoprotectants was estimated in terms of the number of surviving organisms after lyophilization. Bifidobacterium breve A71 and Bifidobacterium bifidum BbTD freeze-dried in media A and B showed high survival rates. Bifidobacterium breve A71 showed a greater percentage survival in combination with medium B than with medium A. These results could be utilized in the manufacture of Bifidobacterium breve A71 as a starter in the diary industry because it is a human isolate which, except for acidification, has probiotic activity.
INTRODUCTION
The most satisfactory method for the long term preservation of cultures is lyophilization or freeze-drying under vacuum. This is a stabilizing process in which a solution of a substance is first frozen and then the quantity of the solvent (generally water) is reduced, first by sublimation (referred to as the primary drying process) and then by desorption (secondary drying process) to a value that will no longer support biological activity or chemical reactions. 1 The result of lyopohilization is greatly influenced by cryoprotectants -one or more substances which protect cells membranes against the effects of exposure to low temperature. A large number of different cryoprotectivants have been used for preparing bacterial suspensions before drying: saccharose, lactose, trehalose, glycerol, sodium glutamate, adonitol, peptone, dextran... [2] [3] [4] [5] [6] These compo-nents generally improve the resistance of freezing. Brigs (1955) suggested the noe of a combination of skim milk and 3 % lactose while Lagoda, Bannikova (1974 Bannikova ( , 1975 suggested 10 % saccharose, 5 % gelatine and 2 % sodium glutamate as cryoprotectants for lactic acid bacteria. 2 Desmons et al. 3 showed that: -a combination of 10 % skim milk, 5 % glycerol and 0.1 % CaCO 3 resulted in 85.9 percentage survival, -a combination of 10 % skim milk, 5 % saccharose resulted in 67.4 percentage survival.
In this work a combination of 5 % lactose, 1.5 % gelatine and 1 % glycerol was investigated. This is a new combination of cryoprotectants (medium B) in the freeze-drying of lactic acid bacteria, which is based on literature data on particular components. 2, 3, 4, 9 The obtained data were analyzed in terms of the number of surviving organisms and compared with data obtained with a commercial medium -A consisting of saccharose, gelatine and skim milk. 5 Both media contain sugars which act as dehydrating agents reducing the amount of intracellular water. 4 Milk and gelatine are protective coloids. 4 Glycerol, which modifies the rate of crystal growth and membrane permeability, 4, 8 was included in medium B.
EXPERIMENTAL

Bacterial strains and their maintenance
Two human isolates of the Bifidobacterium genus were used. Bifidobacterim bifidum BbTDbyotype a, was provided by the Institute of Immunology and Virology "Torlak", Belgrade. Bifidobacterium breve A71 was provided by the Faculty of Technology and Metallurgy, Belgrade.
These strains agreed with the published results of Gram stain, catalase reaction, cell morphology and fermentation of carbohydrates (Kandler, Weiss, Scardovi, 1986). 12 These strains were cultivated under microaerophilic conditions (Pro Gas -Torlak) in MRS broth -Difco supplemented with lactose -Difco (2 %), L-cystein -BDH(0.5 %), and CaCl 2 -Zorka (0.37 %). 9, 10, 11 The supplemented MRS broth plus 1.5 % agar were used for enumerating the cultures. Also, the growth rates of the cultures were determined in the supplemented broth.
Cryoprotective media
Lactic acid bacteria Bifidobacterium breve A71 and Bifidobacterium bifidum BbTD were freeze-dried in the two cryoprotective media. Medium A contained 8 % saccharose, 1.5 % gelatine and 10 % skim milk and medium B contained 5 % lactose, 1.5 % gelatine and 1 % glycerol. Medium A was a commercial cryoprotectant used in the freeze-drying of Bifidobacterium bifidum BbTD.
The eutectic temperature was determined for both media. Media were placed in a cell which was then plunged into a Thermos flask containing alcohol refrigerated with dry ice to -60 ºC.
The eutectic temperature was measured by progressively warming the media and simultaneously measuring continuously both the resistance and temperature. The resistance was measured by connecting an electrode with a microampermeter (class 1.5, 0-100 mA, internal resistance 1800 W "Metrix" 9). The temperature was measured using a platinum thermometer, connected with a galvanometer (Pt 100 in one arm of a Wheatstone bridge).
Preparation of Cultures for lyophilization
The optical densities of both cultures vs. time were measured to obtain growth curves. Special attention was paid to the beginning of the early stationary phase. Many data have confirmed that prior lyophilization the cultures must be harvested in the early stage of the stationary phase. 1, 2, 6, 8 Bifidobacterium breve A71 and Bifidobacterium bifidum BbTD were incubated until the stationary phase (20 h and 22 h in MRS supplemented broth, microaerophilic, at 37 ºC) were reached. The growth of the cells was followed by measuring the pH and optical density of the culture at 580 hm (pH-meter Iskra MA 5705 and colorimeter Iskra MA 9507). The growth was stopped at about 10 9 CFU/ml. 5, 6 Both cultures in their stationary phase (300 ml) were centrifuged at 3000 rpm. The supernatant was discarded and the concentrated cells were suspended in 300 ml of either media A or B. The obtained mixture was homogenized and the viable cells (CFU/ml) were enumerated in soft MRS agar by the agar plate count method. The plates were incubated under microaerophilic conditions at 37 ºC. The colonies were enumerated and recorded as colony forming units per mililiter of product. The product was placed in glass vials (2.0 ml). The products (bifidobacteria with media A or B) were lyofilized separately, at least three times.
Lyophilization
The first phase of lyophilization was freezing the products in alcohol. The product must be cooled, according to the determination of the eutecticum, to a temperature below the eutectic point. The equipment for freeze-drying was a Lyophilizer USIFROID, SMRG; 1959.
The second phase of lyophilization was primary drying and the third phase was secondary drying. During these phases, the temperature of the products and the temperature of the condenser were measured.
After drying, the vials were sealed under vacuum and stored in a refrigerator. The cultures obtained after lyophilization were diluted. The survival rate of the microorganisms were enumerated in soft MRS agar by the agar plate acount method. Enumeration was carried out using the agar plate count method, as for the samples before lyophilization. This was the method used for quantifying the survival rates of the cultures during lyophilization. The results are arithmetic means of three measurements.
RESULTS AND DISCUSSION
In this paper, a new combination of cryoprotectants for lyophilization of Bifidobacteria was introduced. The first step was the examination of the eutectic point of media. The eutecticum of the media were determined by the method of tangents on the curve of the relationship between temperature and resistance ( Figs. 1 and 2 ). The eutecticum for medium A is -22.7 ºC and for medium B is -28.1 ºC, which means that the product must be cooled to about -30 ºC to -35 ºC. The cell concentration before lyophilization was about 10 9 CFU/ml. The number of viable cells before and after freeze-drying is summarized in Table I . The survival rate of the cultures after freeze-drying was estimated in terms of the number of surviving microoganisms.
The first phase of lyophilization -freezing the products -is shown in Fig. 3 . The curves of freezing of both cultures (products) have the same shape. Near 0 ºC, a plateau occurs on the curve. During this period pure water freezes, and the cryoprotectants are concentrated in the remaining solution.
The primary and secondary drying in the cryoprotective medium A is shown in Fig. 4 and in medium B in Fig. 5 . Primary drying is until the product reaches 0 ºC. This phase was shorter for medium A (7.1 h) than for medium B (7.5 h). During the primary drying phase, the condenser removes water vapor by vacuum sublimation. The second- ary drying for medium B is longer at a lower temperature (for medium A, the secondary drying temperature is 43 ºC, for medium B is 18 ºC). In this phase, the condenser removes desorbed water vapour from the products.
The succes of the new combination of cryoprotectants was estimated in terms of the number of surviving organisms after lyophilization. For both strains, the survival rates were slightly better in medium B than in medium A. The obtained results were expected since glycerol has already been recognized as a cryoprotective agent for lactic acid bacteria during freezing. 8 It was observed that the new cryoprotective media gave better results in the freeze-drying of Bifidobacterium breve A71 (83.3 %) than in the freeze-drying of Bifidobacterium bifidum BbTD (73.9 %) - Table I . Probably this result is due to intrinsic differences in the strains mentioned above. 11 Lactic acid bacteria are of great importance in the dairy and pharmaceutical industry. The best method for preserving these cultures is lyophilization with optimization of the cryoprotectants, cells concentration and process conditions (in conformity with the equipment). In this method, the cultures should be harvested in the early stationary phase and then mixed with the cryoprotective media. Bifidobacterium breve A71 in the cryoprotective medium with grycerol had a percentage survival of 83.3. The resistance of freezing is improved by adding a cryoprotective agents such as glycerol.
In this experiment pure lyophilized cultures of Bifidum bacterium breve A71 for long-term storage were obtained. Also, these results could be utilized in the manufacture of Bifidobacterium brave A71 as a starter in the diary industry because it is a human isolate which has acidifiaction and probiotic activity. Bekterije mle~ne kiseline se liofilizuju (su{e u zamrznutom stawu) sa ciqem uvawa kultura na du`e vreme ili u formi startera za mle~nu industriju. U oba slu~aja va`an je izbor krioprotektanata. U ovom radu pra}ena je liofilizacija Bifidobacterium breve A71 i Bifidobacterium bifidum BbTD u novom krioprotektivnom medijumu sa laktozom,`elatinom i glicerolom (medijum B). Referentni medijum sadr`i saharozu,`elatin i obrano mleko (medijum A). Liofilizaciji prethodi odre|ivawe eutekti~ke temperature jer se faza zamrzavawa odvija na ne{to ni`oj temperaturi od eutekti~ke. Efikasnost krioprotektanata ispitivana je u smislu pre`ivqavawa kultura nakon liofilizacije. Bifidobacterium breve A71 i Bifidobacterium bifidum BbTD liofilizovani u medijumima A i B ostaju u visokom procentu vijabilne.
Obe kombinacije krioprotektanata daju relativno visok procenat pre`ivqavawa. Bifidobacterium breve A71 u kombinaciji sa medijumom B ima ve}i procenat pre`ivqavawa nego u kombinaciji sa medijumom A. Ovi rezultati mogu postu`iti u proizvodwi liofilizovanog Bifidobacterium breve A71 -startera u mle~noj industriji jer je to humani izolat sa potencijalno dobrim probiotskim osobinama.
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